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In  this  paper we present direct evidence of thymic regeneration 
occurring in the involuted glands of old rats following bilateral supra- 
renalectomy.  The  study  is  based  on  an  examination  of  thirteen 
rats from which a portion of the right lobe of the thymus was removed 
as  a  control, followed  by bilateral suprarenalectomy 13  to  17  days 
later.  The histological appearance of  the remaining portion  of  the 
thymus gland, removed at autopsy some weeks after suprarenalectomy, 
was compared with that of the piece removed at operation. 
To our knowledge, no previous work exists in which attempts have 
been made to obtain unequivocal direct evidence of thymic regenera- 
tion following suprarenal ablation by examination of sections of the 
gland before and after suprarenalectomy. 
In a previous communication (1)  we have presented experimental 
evidence of the close interrelation between the thymus and suprarenal 
glands, which has been suspected for some time on the basis of clinical 
and  pathological  findings.  Our  results  were  based  on  a  study  of 
66  doubly suprarenalectomized rats  and  21  non-operated controls. 
In this  work we found that  following  bilateral suprarenal ablation 
thymuses which should have showed advanced involution as estimated 
by the ages of the rats were hyperplastic, and on histological examina- 
tion showed few signs of their previous regression.  Enlargement of 
the  thymus  was  observed  to  follow  bilateral  suprarenalectomy in 
these rats with such constancy that we concluded that practically every 
animal surviving double suprarenalectomy for 3  to  5  weeks would 
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show an enlarged gland.  We assumed, therefore, from indirect but 
statistical data, that regeneration of the involuted thymuses must have 
taken place.  The present study is a continuation of the work with the 
view of obtaining direct evidence of regeneration. 
The previous experimental literature  concerning thymic enlarge- 
ment following suprarenal injury or ablation was critically reviewed 
in our last communication.  We stated at that time, that no detailed 
studies existed, all previous reference to thymic enlargement follow- 
ing suprarenalectomy being reported incidentally. 
EXPERIMENTAL. 
The thymuses of the thirteen rats dealt with in this present study 
were examined 17  to  39  days  after suprarenalectomy,  ~ the animals 
dying or being sacrificed.  The ages of the rats at autopsy varied from 
282 to 427 days.  The thymus in the normal rat begins to involute 
between the 80th and 90th days of age, and the process is progressive 
thereafter. 
The experimental methods employed were the same as those used 
in the previous work.  For the operative removal under ether of a 
fragment of thymus, the sternum was split down its middle to about 
the third rib, and the bone was retracted and the triangularis sterni 
muscle separated.  The gland was exposed, and a small piece removed 
with as little trauma as possible and immediately fixed in 10 per cent 
formalin.  The remaining portion of the gland was  removed at  au- 
topsy and dissected from the surrounding fat  and lymph nodes; it 
was  then  similarly  fixed.  All  tissues  were  embedded  in  paraffin 
and  stained with hematoxylin and eosin.  The appended table pre- 
sents the important data  summarized  from the  protocols  of  the 
animals. 
Examination of histological sections prepared from the fragments 
of the thymuses removed at operation shows that in all thirteen rats 
involution  had  already  set  in,  being  slight  in  one,  moderate  in 
four and well advanced in the remaining eight.  Following bilateral 
suprarenalectomy the  remaining portions of the  thirteen  thymuses 
showed histological evidences of secondary hyperplasia and regenera- 
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tlon, the regeneration being moderate in one animal and marked in the 
other twelve.  Regeneration of the  involuted thymuses took place 
irrespective of whether the animals died of chronic suprarenal insuffi- 
ciency or were sacrificed.  The presence of  severe  snuffles  and ex- 
tensive chronic pulmonary infections, or of marked loss of weight did 
not prevent regeneration in spite of the known fact that these influen- 
ces ordinarily induce pathological involutions in this gland.  Thus, it 
would seem that the stimulus for hypertrophy and hyperplasia of the 
thymus following bilateral suprarenal ablation is so marked that even 
the usual strong involutionary influences may be counteracted. 
Experiments were carried out to  establish whether or not partial 
thymectomy alone will induce  compensatory secondary hyperplasia 
in an involuting thymus gland.  Several rats were partially thymec- 
tom/zed, and the animals were sacrificed 2 weeks after operation.  The 
histological appearance of the piece of thymus removed at operation 
was compared with that of  the remaining portion of  the gland re- 
moved at autopsy.  We found practically no differences in the micro- 
scopical appearance of these glands before and after operation. 
Histology. 
The thymuses of the thirteen rats studied present, both grossly and 
microscopically, striking evidences of regeneration following bilateral 
suprarenalectomy.  Rats over 1 year of age subjected to suprarenal- 
ectomy show at autopsy white and fleshy thymuses which are some- 
times quite large.  The histological differences between sections of 
the thymus before and after suprarenalectomy are frequently quite 
remarkable.  Glands with  advanced involution shown by  the pres- 
ence of irregular lobules which are reduced in size owing to a decrease 
in the small cortical cells, and in which the differentiation between the 
cortex and medulla has disappeared or has become obscure, and in 
which the connective tissue about the blood vessels has become promi- 
nent and hyalinized, undergo a  rapid revivescence after suprarenal- 
ectomy.  Such rejuvenated and regenerated glands resemble so closely 
histologically the growing active thymuses of normal young rats,  50 
to 70 days of age, that were it not for the fact that the blood vessels 
show thickened walls with some increase of the connective tissue about 
them, it would be very difficult to distinguish microscopically between 622  INFLUENCE  O;F SUPIL~ILENAL  GLAND  ON  THYMUS.  II 
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a regenerated thymus of an old rat and one of a normal rat at about 
puberty.  These regenerated glands  show large bulging,  closely ap- 
posed lobules  separated by thin  fibrous  tissue  septa  and these lob- 
ules  stand  in  marked  contrast  to  the  small  and  irregular  lobules 
present in the same gland before suprarenalectomy.  The regenerated 
lobules are differentiated into distinct cortical and medullary zones. 
The  cortex is  thickened and  packed  with  closely aggregated small 
thymic cells.  The medulla shows the most striking  change.  It rap- 
idly reappears as large, active centers, composed largely of hypertro- 
phied  reticular cells.  Another striking feature, in regard to the me- 
dulla, is that many lobules in a regenerated gland show, in addition to 
a  large medullary mass,  as many as two or three smaller medullary 
areas, which are probably additional growth centers  (Figs.  1 and 2). 
At the present time we are not in a position to express an opinion as 
to  possible  changes  following  suprarenalectomy  in  the  Hassall's 
corpuscles, or  in  the  epithelial  ducts  so  frequently seen  in  the  rat 
thymus. 
DISCUSSION. 
We have now,  by utilizing suprarenalectomy, a  method of study- 
hag rapid regeneration of the involuted thymus that is free of the ob- 
jectionable features associated with the generally used but highly un- 
natural and unphysiological methods of roentgenizafion and inanition. 
By  the  use  of  direct  experimental  methods,  we  have  shown  that 
removal of the suprarenal glands in old rats will induce regeneration 
of involuted thymuses, thus confirming our previous work on the rat 
and the observations of Marine, Manley, and Baumann on the rabbit 
(2).  Regeneration of involuted thymuses following bilateral  supra- 
renalectomy took place irrespective of whether the animals died of 
chronic suprarenal insufficiency or were sacrificed.  The presence of 
severe snuffles and  extensive  pulmonary  infections,  or  marked loss 
of weight did not prevent regeneration., 
While  our  thymuses  were  examined  when  regeneration  was  al- 
ready well established or complete, that is 17 to 39 days after supra- 
renalectomy, it is  our belief from this and previous studies that re- 
generation begins early, within 24 hours after suprarenalectomy, and 
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2 weeks.  We are also of the belief that the reticular cells are probably 
the first to respond to the growth-stimulating influence exerted on the 
thymus following suprarenalectomy, the medulla regenerating before 
the cortical regeneration is complete. 
The mechanism involved in the regeneration of the thymus which 
follows suprarenalectomy is  still not understood, and while thymic 
hyperplasia may be  one manifestation of the generalized lymphoid 
hyperplasia  that  follows sublethal but  sufficient suprarenal  injury, 
nevertheless, the fact should not be lost sight of that thymic enlarge- 
ment may represent a  specific reaction of this organ  to  suprarenal 
injury. 
The finding is of significance since it is recognized that  the supra- 
renal glands play an important etiological r61e in two of the three most 
common diseases presenting thymus enlargement among the major 
pathological findings at autopsy; these are Addison's disease and status 
lymphaticus.  While  anatomical  studies  have  not  disclosed  any 
constant lesions in the suprarenals in  Graves'  disease,  evidence  is 
being accumulated which would indicate that functionally these glands 
also play an important if not primary r61e in the production of the 
clinical syndrome of Graves' disease (3).  It is now generally accepted 
that both in Addison's and in Graves' disease regeneration of the in- 
voluted thymus occurs, which may take place even in the presence of 
profound emaciation or chronic infection.  We are of the belief that 
the large thymus which occurs in status lymphaticus, and the regenera- 
tion which occurs in Addison's and Graves' disease are brought about 
by the same disturbances in glandular interrelations which bring about 
regeneration of the thymus in the experimental animal after supra- 
renalectomy. 
CONCLUSIONS. 
1.  Regeneration of involuted thymuses of  old rats  follows double 
suprarenalectomy in this species with great constancy. 
2.  Partial  thymectomy alone  does not induce compensatory sec- 
ondary hyperplasia in involuting glands. 
3.  Regeneration of the thymus following suprarenalectomy would 
appear to be completed in most rats in about 2 weeks; and it probably 
begins in the medulla. ~r.~rr.y  L.  JA~E  625 
I  wish  to  express  my  sincere  appreciation  of  the  suggestive  and 
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EXPLANATION OF PLATE 22. 
FIa.  1. A  portion of the thymus of RW 22-3 before suprarenalectomy.  The 
animal  was  383  days  of  age,  and  section  shows  well established  involution. 
Hematoxylin and eosin.  ×  60. 
FIG. 2.  The thymus of rat RW 22-3 31 days after suprarenalectomy.  Section 
shows  marked regeneration and secondary hyperplasia.  Hematoxylin and eosin. 
×60. THE JOURNAL  OF  EXPERIMENTAL  MEDICINE VOL.  XL.  PLATE 22. 
FIG.  1. 
FI6.2. 
(Jaffe: Influence of suprarenal gland on thymus. IL) 